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FOREWORD 


This  report  is  a  revision  of  Da 
published  under  the  sar^  title  in  Ma 
revision  updates  the  original  data  t 
period  through  December  1973  and  inc 
new  rockets  launched  at  White  Sands 
Haw  Mexico . 
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ABSTRACT 

Ispact  dispersion  data  are  presented  for  the 
following  unguided  sounding  rockets  launched  fron 
White  Sands  Missile  Range,  Mew  Mexico,  or  the  Utah 
Launch  Cooplex,  Green  River,  Utah,  during  1965-1971 
Aerohee-350,  Aerobes- I/O,  Aerobee-I7C-A ,  Aerobee-ii 
Athena  (Second  Stage),  Athena  H  (First  Stage),  Mike 
boosted  rockets  (Hydac,  Javelin,  Iroquois,  Apache, 
Apache  Nicap,  Cajun),  Met  RDXSE,  Viper  Loki,  ARCAS , 
and  Boosted  ARCAS  (Boosted  I,  Boosted  II,  EVAR, 
Sidewinder,  and  Sparrow). 


INTRODUCTION 


The  statistical  scatter  of  the  actual  impact  points  about 
the  predicted  impact  point  of  an  unguided  rocket  is  the  rocket Ss 
impact  dispersion. 

The  causes  of  rocket  impact  dispersion  can  be  divided  into 
five  basic  categories:  1)  variations  in  atmospheric  components, 

2)  variations  in  rocket  components,  3)  rocker  misalignments.  4) 
launcher  misalignments,  and  5)  factors  which  do  not  vary  but  are 
not  precisely  evaluated  cr  are  unaccounted  for. 

before  an  uoguidec  rocket  is  flight- tested,  a  theoretical 
dispersion  study  is  usually  performed  to  estimate  its  dispersion. 
This  analysis  can  be  made  using  a  trajectory  sis_lacion  program 
in  a  high-speed  computer.  The  best  estimates  available  of 
the  perturbing  factors  can  be  put  ir.  the  program,  and  the 
impact  points  can  be  compared  with  the  nominal  impact  point. 

When  this  procedure  is  used,  it  is  assumed  that  the  perturbing 
factors  act  independently. 

This  report  presents  the  actual  impact  dispersion  of  the 
Aerobee~3iQ,  Aftrobee-170 ,  Aarobee-170-A,  Aerobee-150,  Athena 
(Second  Stage),  Athena  H  (First  Stage),  Hike-boosted  rockets, 

Met  R3I&E,  Viper  Loki ,  AECAS,  and  boosted  AP-CAS  fired  at  White 
Sands  Missile  Range  (MSMR) ,  Hew  Mexico,  or  the  Utah  Launch 
Complex,  Green  River ,  Utah,  for  the  period  1363-19^.1,  So 
attempt  is  made  to  Isolate  the  various  causes  of  dispersion. 

The  actual  impact  points  were  taken  from  surveys  when 
available.  Elsewhere,  radar  or  Sonic  Observation  of  Trajectory 
and  Impact  of  Missiles  (S0TIM)  impact  data  were  used. 


A  brief  description  or  each  rocket  precedes  the  tabula: 
presentation  of  its  impact  dispersion. 
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AERQ3EE-150 


The  Aerobee-150  is  a  slow  accel^r^ti^,  liquid 
propellant,  fin-stabilized  rocket  used  to  carry  pay¬ 
loads  of  150  to  500  pounds  ts  altitudes  fro®  75  statute 
miles  MSL  for  the  heavier  payloads  to  190  miles  for  the 
lighter  payloads  when  launched  at  WSMR  (&,00Q  feet 
MSL).  A  solid  propellant  booster  ia  used  to  increase 
the  rocket's  exit  velocity  fra®  a  15  ‘-foot  tower. 

The  nominal  rocket  impact  range  la  50  atatute 
miles,  although  this  may  vary,  depending  on  the  wind 
situation  and  project  requirements. 

The  wind-weighting  technique  is  used  for  Aerobee- 
150  impact  predictions  at  WSMR. 
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AEROBEE-150  DISPERSION: 

WRITE  SANDS  MISSILE  RANGE,  NEW  MEXICO 
1965-71 


YEAR 

i  *T0TAL 
FIRINGS 

CUMULATIVE 
MEAN  MISS 
STATUTE 
MILES 

RELATIVE  FREQUENCY  DISTRIBUTION  OF  AEROBEE-150 

IMPACT  MISS  DISTANCES  (PER  CENT) 

STATUTE  MILES 

mm 

0<5 

>15<20 

>20<25 

>2500 

1965 

H 

11.1 

10 

48 

15 

13 

10 

5 

1966 

37  | 

i 

|  9.7 

12 

47 

24 

18 

0 

0 

1967 

42 

8.7 

31 

33 

26 

7 

0 

2 

1968 

45 

9.2 

26 

30 

30 

5 

5 

3 

1969 

36 

8.4 

25 

36 

31 

8 

0 

0 

1970 

21 

8.S 

29 

33  1 

24 

| 

10 

0 

4 

1971 

15 

7.8 

27 

40 

27 

6 

0 

1965- 

— 

1971 

238 

9.3 

- — . — 

22 

25 

-i.0..  i 

L_i 

Standard  error  of  estimate  for  the  period  of  record;  10.7  ST.  Miles. 

*  The  following  Aerobee-150  launches  were  excluded  free:  this  dispersion 
analysis; 


1965  2  malfunctions 

1966  3  malfunctions 

1963  3  malfunctions;  2  dummy  payload  rail  launches 


ATHENA  (SECOND  STAGE)  AND  ATHENA  H  (FIRST  STAGE) 


The  Ather.a  is  a  multi-stsged,  fin-stabilized  rocket 
fired  from  a  zero- length  launcher  at  Green  River,  Utah, 
to  impact  on  WSMR.  The  first  two  stages  of  the  regular 
Athena  are  unguided  and  require  impact  predictions. 

Since  the  second  stage  is  most»wind  sensitive,  its  impact 
dispersion  is  presented.  Only  the  first  stage  of  the 
Athena  H  is  unguided  and  requires  impact  predictions. 
There  have  been  two  Athena  H  launches  to  date  and  their 
miss  distances  were  16  and  31  statute  miles. 

A  meteorological  real-time  system  (1-3)  in  which 
wind  data  from  the  launch  site  are  transmitted  over 
commercial  data  lines  to  a  high-speed  computer  at  WSHR 
is  used  for  these  firings.  The  computer  reduces  the  wind 
data,  applies  it  to  a  trajectory  simulation  (4),  and 
selects  launcher  settings  using  iterative  techniques. 

The  peak  altitude  for  the  first  stage  of  the 
Athena  H  and  for  the  second  stage  of  the  regular  Athena 
varies  from  133  tc  175  statute  miles  MSLr  The  nominal 
impact  range  is  approximately  455  statute  miles. 


ATHENA  (SECOND  STAGE)  DISPERSION 
WHITE  SANDS  MISSILE  RANGE,  NEW  MEXI'.C 


IS Go- 71 


YEAR 

*T0TAL 

FIRINGS 

CUMULATIVE 
MEAN  MISS 
STATUTE 
MILES 

RELATIVE  FREQUENCY  DISTRIBUTION  OF  ATHENA 

IMPACT  MISS  DISTANCES  (PER  CENT) 

STATUTE  MILES 

03 

>530 

>10£15 

>15120 

>20<25 

>25<30 

>30i  5 

>35140 

1966 

28 

12.8 

7 

41 

19 

15 

15 

4 

0 

0 

1967 

30 

11.6 

17 

28 

28 

17 

7 

3 

0 

0 

1958 

16 

13.7 

13 

44 

6 

6 

25 

0 

0 

6 

1969 

11 

10.5 

0 

64 

18 

9 

0 

S 

0 

0 

1970 

2 

10.9 

0 

0 

100 

0 

0 

0 

U 

0 

1971 

8 

12.6 

0 

36 

38 

12 

12 

0 

0 

0 

1966- 

1971 

95 

12.3 

39 

22 

13 

12 

3 

V 

▲ 

Standard  error  of  estimate  for  the  period  of  record:  14.1  ST.  Miles 

*  Two  Athena  launches  were  excluded  from  this  dispersion  analysis: 

9  June  1966;  unknown  impact 
9  February  1967;  second  stage  malfunction 
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KIKE-BOOSTED  ROCKETS 


The  Hike-boosted  rockets  were  combined  In  this  analysis 
since  they  all  shewed  similar  impact  dispersion  characteristics. 

Lach  Kike-boosted  rocket  utilizes  a  Kike  M-5  booster 
which  gives  the  second  stage  an  initial  impulse  so  that  it 
coasts  to  an  altitude  of  from  35,000  to  o0,000  feet  M5L  prior* 
to  second-stage  ignition. 

The  second-stage  motors  are,  in  order  of  higher  perfor¬ 
mance:  Hydac,  Javelin,  Iroquois,  Apache,  and  Cajun. 

The  Nike-Eydac  carries  a  220-pound  payload  to  approx¬ 
imately  13.5  statute  miles  KSL;  the  Kike-Javelin  carries  a  150- 
pound  payload  to  appcoximacely  120  miles  HSL;  the  Kike-Iroquois 
carries  o  70-pound  payload  to  approximately  175  miles  HSL;  the 
Nike-Apac'ne  carries  a  70-pound  payload  to  approximately  135 
miles  HSL:  and  the  Kike-Cajun  carries  a  70-pound  payload  to 
approximately  95  miles  HSL. 

Although  all  Kike-boosted  rockets  vere  combined  for  the 
overall  dispersion  analysis,  a  table  showing  impact  data  for 
the  individual  firings  appears  in  Appendix  A. 

Ir.e  nominal  impact  *?.r.ge  for  Kike-boosted  rockets  at 
WSHR  varies  from  50  to  ’-J  statute  miles. 


The  wind -weighting  technique  is  used  for  impact  predic¬ 
tions  of  Kixt -boosted  rockets  fired  at  W5MR. 
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DISPERSION’  OF  HIKE-BOOSTED  ROCKETS** 


WHITE  SANDS  MISSILE  RANGE,  NEW  MEXICO 
1S66-71 


YEAR 

*T0TAL 

FIRINGS 

CUMULATIVE 
MEAN  MISS 
STATUTE 
MILES 

RELATIVE  FREQUENCY  DISTRIBUTION  OF  NIKE  BOOSTED 

ROCKET  LMPACT  MISS  DISTANCES  (PER  CENT) 

STATUTE  MILES 

0<5 

>5  <10 

>10 <15 

>15120 

>20 <25 

>25<30 

>30l_35 

>35l4Q 

1966 

52 

11.8 

20 

31 

16 

18 

3 

2 

4 

0 

1967 

41 

13.2 

I? 

IS 

31 

14 

8 

S 

0 

-> 

1968 

13 

10.4 

35 

13 

18 

00 

12 

0 

0 

0 

1969 

23 

11.2 

17 

3i 

26 

13 

13 

0 

Q 

0 

1970 

16 

6.1 

43 

43 

14 

0 

r\ 

V 

0 

A 

U 

c 

I97X 

15 

S.2 

37 

3? 

1  A 

*  V 

0 

1 

o 

0 

t 

i  ^ 

1966- 

1571 

171 

10.9 

1 _ 1 

25 

23 

( 

21 

i 

LiLJ 

3 

j  3 

i 

% 

Standard  error  of  estimate  for  the  period  of  record:  13.3  ST.  Miles 

*  The  following  Hike-boosted  launches  were  excluded  iron  this  dispersion 
analysis: 


1966 

3  sal functions 

1967 

malfunctions 

1968 

* 

malfunction 

1970 

4 

malfunctions 

** 


Nike-Hydac,  Hike-Javelin*  Nike- Iroquois,  Nike  Apache.  TJke-Ar  ache  Nlc 
Nike  Ca^un. 
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MIT  RDT&E  ROCKETS 


The  Meteorological  Research,  Development ,  Test,  and  Eval¬ 
uation  (MET  RDT&E)  rocket  is  a  single-stage,  fin-stabilized, 
solid  propellant  rocket  used  to  carry  a  7  to  10-pound  payload 
to  approximately  15  statute  miles  MSL  when  launched  at  WSMR 
(1,000  feet  MSL'j .  The  MET  RDTSE  is  fired  fron  c.  boxed  rail 
launcher . 

The  nominal  rocket  impact  range  is  approximately  39  statute 
miles  at  WSMR. 

Tho  wind-weighting  technique  is  used  for  MET  RDT&E  impact 
predictions  at  WSMR. 


MET  RDT&E  ROCKET  DISPERSION* 


WHITE  SANDS  MISSILE  PCIAGE,  NEW  MEXICO 
1969-71 


YEAR 

♦TOTAL 

FIRINGS 

CUMULATIVE 
MEAN  MISS 
STATUTE 
MILES 

RELAI 

TVE  FREQUENCY  DISTRIBUTION  OF 

IMPACT  MISS  DISTANCES  (PER 

STATUTE  MILES 

RDI&E 

:ent) 

*103.5 

>15120 

>20<2S 

>25<30 

1969 

6 

8.6 

67 

0 

0 

1? 

16 

0 

1970 

52 

S.  7 

29 

42 

21 

3 

0 

5 

1971 

33 

10.6 

6 

41 

41 

12 

0 

0 

i - 

1969- 

1 

1971  | 

76 

“.2  j  26 

38 

t 

1 

Standard  error  of  estimate  for  the  period  of  record:  10. S  ST.  Miles. 


*  The  folioving  RDT&E  launches  were  excluded 
analysis: 

1970  10  malfunctions ;  4  unknown 

1971  -  I  unknown 


from  this 

impacts 

impact 


dispersion 
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ARC A 5  AND  BOOSTED  ARCAS 


T'n*.'  ARCAS  is  an  end-turning,  sis'*  acceleration,  fin— 
stabilized ,  meteorological  rocket  used  to  carry  6.5-pound 
payload  to  approximately  'o  statute  miles  MSL. 

A  gas-generator  is  used  to  increase  the  exit  velocity  of 
the  rocket  from  an  16-toot  launch  tube. 


The  nominal  rocket  impact  range  at  WSMR  is  approximately 
35  statute  miles  for  the  ARCAS  and  50  miles  for  the  Boosted 
ARCAS 


Various  motors  have  been  used  as  boosters  for  the  ARCAS 
to  increase  its  altitude  capability.  Boosters  used  with  the 
ARCAS  at  WSMR  have  been  the  KVAR ,  MARC  UA1  (Boosted  ARCAS  I), 
Sidewinder;  MARC  A2A1  (Boosted  ARCAS  II),  and  the  Sparrow. 

The  peak  altitude  for  a  KVAR-bcosted  ARCAS  with  a  12-pound 
payload  is  approximately  57  statute  miies  MSL,  while  the  MARC 
14A1  will  reach  approximately  63  ralles.  The  Sidewinder-boosted 
ARCAS  will  reach  approximately  85  miles,  and  the  MARC  A2A1 
and  Sparrow-boosted  ARCAS  will  reach  approximately  105  miles 
with  similar  payloads. 


At  WSMR.  the  boosted  ARCAS  is  launched  from  a  15- foot 


rail. 


The  wine-weighting  technique  is  used 
Boosted  ARCAS  predictions  at  WSMR. 
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APPENDIX  A 
DISPERSION  DATA 
FOR 

INDIVIDUAL  NIKE-BOOSTED 
ROCKET  FIRINGS 


Preceding  pap  blank 


N IKE-APACHE 


NIKE-APACHE  (CONT) 


Thet;e  figures  ure  presented  In  ST.  Miles 


Iliesc  !  i  ,ir<*  prcuonU^I  1  i  I' .  Ml  leu 


. . 
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NlKh . APACHE  (COMT) 


'"•*  1  )  rt 


NIKK-APACHK  (CONT) 
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